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键比 Nb-Nb 键强，且 Nb-Rh 键越多，团簇越稳定。体系有明显的电荷转移现象，电荷
由电负性小的铌原子转移到电负性大的铑原子上。团簇的电子性质与团簇的几何结构和
尺寸有密切关系。 
（2）通过计算 NO 分子分别在端位、边桥位和面桥位吸附于团簇 Rhn-/0/+ (n=1-5)上的反
应，发现铑团簇可以有效的吸附 NO，NO 与 Rh 的相互作用是电子的贡献与反馈作用，
即 NO 的电子贡献给 Rh，然后 Rh 反馈电子给 NO。这种作用直接导致了 N-O 键的性质
变化：随着团簇尺寸的增加、电荷的增加以及 NO 连接的 Rh 原子越多，N-O 键的键长
增加，对应的频率减小，则 N-O 键越来越弱。 
在研究了 NO 于铑团簇上的吸附作用后，我们以 Rh7+团簇为例探讨了 NO 分子解离
还原成 N2 的反应机理。反应分为两步：Rh7+ + NO → [Rh7NO]+，[Rh7NO]+ + NO → N2 


















上利于反应的进行，所以认为产物 N2 是由 N2O 分解得来的几率较高，与实验结论一致。 
（3）对于脱氢反应 RhMCH2+ + NH3 → RhMC+(NH3) + H2 (M=Pt, Rh)，脱离的氢气来自
于 RhMCH2+中的 CH2 基团，而不是来自于 NH3 中的氢原子。对于 PtRhCH2+和 NH3 的反
应，按脱氢过程分别在在 Pt 端和 Rh 端上发生可分为两种路径，比较而言脱氢反应在
Rh 原子上发生的路径能量上更加有利。在反应过程中存在不同自旋多重度的反应势能
面，而先从三重态的反应物开始，在第一个氢原子开始转移时经过自旋转换得到单重态
的产物，这样的路径能量上更加有利。而对于 Rh2CH2+和 NH3 的反应，二重态的反应势
能面能量比四重态的更佳，整个反应也是放热的。在与 NH3 的反应中，PtRhCH2+和
Rh2CH2+具有同 Pt2CH2+一样的脱氢反应机理。 
（4）应用相对论密度泛函计算研究了(M2O5)m=1,2+ (M = V, Nb, Ta)与 C2H4 的气相反应机
理。钒氧化物阳离子团簇(V2O5)m+ (m=1,2)和 C2H4 能够发生氧转移反应，它通过与乙烯
的结合并且氢原子转移而削弱与碳相连的 V-O 键，使之容易断开，从而实现(V2O5)m+ 























   As the special physical and chemical properties, the transition metal clusters have been 
most studied, and the bimetallic clusters also have become a subject of intensive interest 
experimently and theoretically. The early-late transition metal Nb-Rh clusters have been 
studied in this dissertation, the properties and geometry structures are discussed. The 
transition metal also is the effective catalyst. Catalytic reactions mediated by transition metal 
surfaces and small molecules have attacted considerable attention in recent years. NO and CO 
are the main components of gas pollution, and metal rhodium is used to reduce them. It is 
very important to study the adsorption and dissociation reactions between NO and rhodium 
clusters. Both the metal platinum and rhodium have excellent catalytic applications, they can 
be used to catalyze methane and ammonia and produce HCN and H2. Although there are 
many experimental studies, the theoretical investigations are still lacked. In this dissertation, 
transition metal niobium and rhodium clusters and their reactive mechanisms with small 
molecules in the gas phase have been studied by density functional theory. The following 
conclusions have been drawn from our calculations: 
(1) The binary transition-metal clusters (NbRh)n=1-5 have many isomers. The clusters prefer 
three-dimensional structures. Generally the bonds of the metal clusters are non-localized, 
but for the linear and planar structures of Nb-Rh clusters, the localized states exist. The 
Nb-Rh clusters are easy to form the structures with low symmetry and low spin. The 
most stable structures have compact conformation, in which the Nb atoms prefer to form 
an inner core and the Rh atoms are capped to facets of the core. The bond strength 
follows the order: Nb-Nb>Nb-Rh>Rh-Rh. As the cluster size increases, the bond strength 
Nb-Rh>Nb-Nb, and the Nb-Rh bonds are the important factor to the stability of the 
clusters. The Nb atoms transfer some charges to Rh atoms to make the structure stable. 
The properties of the clusters are related to the cluster geometry and size.  
(2) The adsorption of nitrogen monoxide NO with charged and neutral Rhn-/0/+ (n=1-5) 
clusters at atop, bridge and threefold hollow sites had been investigated by density 















orbital interactions with NO. These interactions could be described through the donation 
and back-donation of their frontier orbitals. And it would lead to the weakening of the 
N-O bonds, then the N-O bond length would be prolonged and its vibrational frequency 
lowered. In general, the donation and back-donation interactions followed the tendencies: 
anionic > neutral > cationic, big size > small size, threefold hollow site > bridge site > 
atop site.  
After studying the adsorption of NO with rhodium clusters, we study the dissociation of 
NO with Rh7+ cluster subsequently. The reactions have two steps: Rh7+ + NO → 
[Rh7NO]+, [Rh7NO]+ + NO → N2 + Rh7O2+. The first step is that the cluster Rh7+ 
adsorb and dissociate the first NO molecule and form the compound [Rh7NO]+, this step 
is exothermic. As to the second step, it has two pathways according to the different 
source of nitrogen atoms which are formed N2. One pathway is that the nitrogen atoms 
come from the intermediate N2O, the other pathway is that product N2 come from the 
dissociated nitrogen atoms. Because the former pathway has lower energy barrier, it is 
the energetically favorable way, so it can be concluded that the product N2 comes from 
the intermediate N2O. This is well in line with the experimental results. 
(3) The dehydrogenation reactions RhMCH2+ + NH3 → RhMC+(NH3) + H2 (M=Pt, Rh) have 
been investigated by density functional calculations. In the reaction of RhMCH2+ (M=Pt, 
Rh) with NH3, elimination of H2 exclusively arises from the moiety of CH2, not from 
ammonia. In the reaction of PtRhCH2+ with NH3, the dehydrogenation reactions can act 
at both Pt and Rh terminals, but the Rh-mediated pathway is energetically favorable. The 
low-energy dehydrogenation process starts on the triplet potential energy surface of 
complex of RhPtCH2+ with NH3, and then moves on the singlet potential energy surface. 
In the reaction of Rh2CH2+ with NH3, the doublet channel is generally favorable 
energetically. Present results show that both metal-carbene cations PtRhCH2+ and 
Rh2CH2+ have similar reactivity with that of Pt2CH2+ toward NH3. 
(4) The reaction mechanisms of the group V transition metal oxide cations (M2O5)+m=1,2 (M 
= V, Nb, Ta) with ethylene have been studied by density functional calculations with 















broken after the transition state and the oxygen transfer happened. There are cis and trans 
paths for the reaction of V2O5+ and C2H4, but the trans path was energetically favorable. 
The calculations showed that when reacted with C2H4, the (V2O5)m+ was highly 
exothermic, but the (M2O5)m+ (M = Nb, Ta) were slightly or even not exothermic. This is 
well in line with the experimental results. The different reactivity of the group V 
transition metal oxide cluster ions was attributed to the different bond strength of the 
metal-oxygen bonds. 
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趋势是从左到右 3dn4s2—3dn+14s1和 3dn4s2—3dn+2 的激发能逐渐降低，半充满的壳层如果
要 d 电子成对占据将会损失大量能量且分裂不连续。第二过渡系中，更加弥散的 4d 轨
道与 5s 轨道能量更接近，导致 4dn5s2—4dn+15s1 和 4dn5s2—4dn+2激发能更小，当 d 轨道
半充满时有小的不连续。以同族的金属 Ni、Pd、Pt 为例，特别稳定的 4d 轨道导致 Pd
原子的基态为 1S(4d10)，而相应态的 Ni 原子却比其基态 3F4(3d84s2)高出 l.74eV。第三过
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